I 



1 



DESCRIPTION 

PROCESS OF PRODUCING COMPOUNDS 

<Technical Field> 

The presen'b invention relates to a process of 
producing compounds . In more detail , the invention 

relates to a process of producing a compound obtained by 
reaction under pressure and heating, including a step o£ 
removing deposits such as a reaction medium and/or a 
washing liquid from the compound utilizing internal energy. 

<Background Art> 

The case where a desired solid particulate product is 
obtained as a slurry that is a mixture with a reaction 
mother liquor is found here and there in the chemical 
process. In general, the solid particulate product is 
obtained when the slurry passes through unit operations of 
separation and drying. 

Hitherto, a nvunber of attempts for improving the 
foregoing unit operations to enhance the process have been 
made. For example, with respect to the drying operation, 
JP-A-52-59177 describes an example of drying by external 
heating with a hot gas or hot air using a compressed air 
transfer type drying machine. Also, JP-B-58-11418 and JP- 
A-55-164650 describe an example of obtaining a solid and a 
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gas by evaporating a slurry liquid within a heating pipe. 
However, since these technologies are to dry a cake by 
newly giving a heat on the assumption that the independent 
drying operation is carried out, it was necessary to use 
energy corresponding to drying. 

On the other hand, it is general to carry out 
crystallization by decreasing the temperature while 
keeping the slurry state as a pre- treatment of solid- 
liquid separation. For example, British Patent No. 
1,152,575 describes an example in which a solvent is 
evaporated to cause cooling, thereby precipitating 
terephthalic acid. However, the evaporation itsel£ merely 
increases the slurry concentration a little, but there is 
not observed any effect other than a decrease of the 
temperature against the process. 

Also, JP-A-11-33532 describes an example in which 
terephthalic acid is slurried with a washing liquid and 
flashed. Since it is difficult to discharge a powder in a 
pressurized state, a method of re-slurrying the powder and 
then discharging it is generally known. However, a 
negative part where energy has been lost was not watched. 
Accordingly, it is hard to say that the process of 
decreasing the slurry temperature to get the energy 
scattered and lost and again heating by drying, as 
described in the foregoing two examples, effectively 
utilizes the energy. 
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Also, JP-A-1-299618, U.S. Patent No. 5,698,734, and 
WO 91/09661 illustrate the cake separation in a 
pressurized state. However, it is not mentioned at all 
that to keep heat energy of the slurry before separation 
is effective for cake drying. 

Also, JP-T-60-506461 describes an example in which a 
slurry of terephthalic acid and water are separated under 
pressure, and the moisture remaining in the cake is 
subjected to flash evaporation. However, since an 

evaporation latent heat of water is high, it is possible 
to evaporate only a part of the cake-attached liquid. In 
order to take out the compound, it is necessary to pass 
through the usual drying step. 

An object of the invention is to reduce the use of 
energy in the drying step by utilizing internal energy 
that the slurry after reaction has, and especially 
preferably to greatly reduce energy to be used by drying 
the cake only by internal energy that the slurry has and 
to construct a simple process by integrating the 
separation/drying step . 

<Disclosure of the Invention> 

In order to solve the foregoing problems, the present 
inventors made extensive and intensive investigations. As 
a result, it has been found that when certain production 
steps are employed, internal energy that a reaction 
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product obtained by reaction under pressure and heading 
has an ability to evaporate the greater part of a cake- 
attached liquid, leading to accomplishment of the 
invention . 

Specifically, the gis't of the invention resides in a 
process of producing a compound including a'b least the 
following steps: 

(A) a reaction step of undergoing reaction in a 
reactor under a pressure higher than atmospheric pressure 
and at a boiling poin^ at atmospheric pressure of a 
reaction medium or higher, to form a compound; 

(B) a separation step of separating a fixed amount or 
more of the reaction medium from a slurry containing the 
compound and the reaction medium under a pressure higher 
than atmospheric pressure . and at a temperature of a 
boiling point at atmospheric pressure of the reaction 
medium or higher in a separation device, to obtain a cake 
having a weight ratio of a cake-attached liquid of not 
more than 50 % based on the solids content and 

(C) a drying step of moving the resulting cake into a 
compound recovery zone having a pressure lower than the 
pressure in the separation device and a temperature lower 
than the temperature in the separation device, thereby 
evaporating the cake-attached liquid by internal energy 
released by the movement. 
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<Brief Description of the Drawings> 

Fig. 1 is a schematic view of a process example for 
caraTfing out the invention. 

Fig. 2 is a schematic view of one example of a 
preferred flash tank for carrying out the invention. 

Fig. 3 is a schematic view of a flash tank used in 
the Examples . 

Incidentally, reference numerals and signs in the 
drawings are as follows. 1 is a reactor; 2 is an 
intermediate processing tank; 3 is a separation device; 4 
is a chamber; 5 is a discharge valve; 6 is a powder tank 
(compound recovery zone) ; 7 is a chute; 8 is an 
approximately conical valve body; 9 is an upper valve; 11 
is an introduction line of raw material, etc. ; 12 is a 
reaction product transfer line; 1^ is a reaction product 
transfer line; 14 is an evaporation gas discharge line; 15 
is a compound recovery line; 16 is an intermediate 
chamber; 21 is a detector; 22 is a seal; 23 is a seal; 24 
is a cylinder; 31 is an upper valve of heater; 32 is a 
heater; 33 is a bottom valve of heater; 34 is a receiver 
(reaction product recovery zone) ; 35 is an oil bath; 36 is 
a valve between receiver and trap; 37 is a trap; and 38 is 
a jacket, respectively. 

<Best Mode for Carrying Out the Invention> 

The invention will be hereunder described in detail. 
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Fig. 1 is a conceptual view for explaining a specific 
method of the invention. 

A raw material and a reaction medium are fed into a 
reactor 1 through a line 11. Reaction is carried out in 
the reactor under a fixed condition. A reaction product 
after the reaction may be comprised of a liquid one-phase 
system, a gas-liquid two-phase system, a solid-liquid two- 
phase system, or a gas-liquid-solid three-phase system. 
Especially, one comprised of a solid-liquid two-phase 
system or a gas-liquid- solid three-phase system is called 
a slurry. In the production process of the invention, for 
the sake of undergoing solid-liquid separation in the 
separation step, it is necessary that the reaction product 
be kept as the slurry until it has been transferred into 
the separation device. 

The desired compound is obtained as a solid, and 
preferably as a crystal, and the slurry containing at 
least the solid compound and the reaction medium is 
obtained. Incidentally, a part of the desired compound 
may be dissolved in the reaction medium. 

The reaction product is transferred into an 
intermediate processing tank 2 through a line 12 and 
subjected to crystallization, dissolution, or other 
intermediate processing as the need arises. The reaction 
product having been subjected to intermediate processing 
is transferred into a separation device 3 through a line 
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13 . In the case where the reaction product is not 
subjected to intermediate processing, the reaction product 
is directly transferred into the separation device from 
the reactor 1 . 

In the separation device 3, the solid and the liquid 
in the slurry are separated to prepare a cake having a 
weight ratio of a cake-attached liquid of not more than 
50 %, preferably not more than 30 %, more preferably not 
more than 20 %, and especially preferably not more than 
15 % based on the solids content (in the present 
description, a weight ratio (W1/W2) of the cake-attached 
liquid (Wl) to the solids content (W2) being hereinafter 
referred to as "liquid content or content of the cake- 
attached liquid") . The cake is washed with a washing 
liquid within the separation device as the need arises . 

The cake prepared in the separation device 3 is 
transferred into a powder tank 6 (reaction product 
recovery zone) through a chamber 4 and a valve 5, whereby 
the desired compound is obtained as a solid. 

Next, in the production process of the invention, 
each step of the reaction step (A) , the separation step 
(B) , the drying step (C) , and the intermediate processing 
step (D) to be added as the need arises will be described. 

(A) Reaction step: 

In the production process of the invention, the 
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reaction for forming a compound is carried ou^ under a 
pressure higher than atmospheric pressure and at: a 
temperature of a boiling point at atmospheric pressure of 
a reaction medium or higher. A raw material is fed int:o 
the reactor 1 through the line 11. The line 11 may be 
single or plural according to the feed condition. 

The raw material may be any of a gas, a liquid, a 
solid, or a slurry and may be of a single phase system or 
a mixed phase system. Further, the composition may be of 
a pure substance or a mixture, but usually, a reaction 
medium and optionally a catalyst and additives are added 
to a reaction substrate. Such compositions are 

arbitrarily determined depending upon the kind of reaction. 
The temperature is also arbitrarily determined but usually 
is within the range where the reaction substrate and the 
reaction medium do not decompose. Moreover, the phase 
state of the raw material may be intentionally changed 
according to the temperature. For example, there is 
enumerated an example in which the slurry is converted 
into a completely dissolved phase by increasing the 
temperature, or the liquid phase is converted into a 
liquid-gas mixed phase. 

As the reaction mode to be used in the invention, any 
of oxidation reaction, reduction reaction, displacement 
reaction, addition reaction, elimination reaction, or the 
like may be employed. Also, the reaction may be 
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exothermic reaction or endo thermic reaction, but 
exothermic reaction is preferable from the vie^^oint of 
effectively utilizing internal energy. Moreover, the 
compound fosnned in the reaction vessel may be liquid but 
is preferably obtained as a solid, and more preferably as 
a crystal. 

Also, the reaction may be carried out iii a batchwise 
manner or a continuous manner. 

The reaction medium that is used in the invention is 
one that becomes a liquid phase system or a gas-liquid 
two-phase system during the reaction step, and ones that 
do not chemically change the reaction substrate or the 
desired compound after the reaction are used. Also, an 
evaporation latent heat of the reaction medirim at 
atmospheric pressure (in the invention, when the 
evaporation latent heat is defined, one at atmospheric 
pressure is referred to hereinafter) is preferably not 
more than 300 kcal/kg, more preferably not more than 200 
kcal/kg, and especially preferably not more than 150 
kcal/kg- Also, the lower limit of the evaporation latent 
heat is not defined but is usually 50 kcal/kg or more, and 
preferably 70 kcal/kg or more. 

Also, the boiling point at atmospheric pressure of 
the reaction medium is preferably from 40 °C to 200 °C, 
more preferably from 50 to 180 ^C, and especially 

preferably from 60 °C to 150 ^C. In the case where the 
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boiling point at atmospheric pressure of the reaction 
medium is remarkably lower than the foregoing range, the 
handling and recovery of the reaction medium in each of 
the steps tend to become difficult. On the other hand, in 
the case where it is remarkably high, the residual amount 
of the reaction medium during moving the desired, compound 
into the compound recovery zone in the separation step 
tends to increase. 

In the reactor 1, when the raw material is fed, 30 % 
or more, preferably 50 % or more, and more preferably 70 % 
or more, for example, 80 % or more of the subjective 
reaction substrate is chemically changed. Examples of the 
reaction mixture include various systems such as a. liquid 
one-phase system, a gas-liquid two-phase system, and a 
gas-liquid-solid three-phaset system. 

The reaction condition is determined while taking 
into account various factors such as reaction rate, side 
reactions, and solubility in the reaction medium. The 
reaction is usually carried out at a temperature in the 
range of from 50 to 350 °C, preferably from 100 °C to 

300 ^C, more preferably from 130 °C to 250 **C, and 
especially preferably from 150 to 230 and at a 

temperature of the boiling point at atmospheric pressure 
of the reaction medivim or higher. Also, the reaction is 
carried out under a pressure in the range of more than 
atmospheric pressure but not higher than 20 MPa, 
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preferably from 0.2 MPa to 10 MPa, more preferably from 
0.5 MPa to 5 MPa, and especially preferably from 1 MPa to 
3 MPa. In the case where the reaction temperature and 
pressure are remarkably lower than the foregoing ranges, 
the Internal energy that the cake obtained during the 
production steps of the Invention Is small, and the 
evaporation of the cake-attached liquid during the 
movement of the cake Into the compound recovery zone Is 
not sufficient. Also, In the case where the reaction 
temperature and pressure are remarkably higher than the 
foregoing ranges, side reactions are liable to take place, 
or the compound Is liable to decompose, whereby the yield 
tends to become low. 

In the production process of the invention, a 
catalyst may be used during the reaction step. The 
catalyst may be a heterogeneous catalyst or a homogeneous 
catalyst. Temperature control of the reactor is carried 
out by heating or heat removal. This is determined by the 
temperature of feeding liquid, the kind of reaction such 
as endo thermic reaction and exothermic reaction, and the 
like. The heating is carried out using a jacket or a coll, 
and the heat removal can be effected by further 
evaporation operation . 

In the reaction step, the case where the reaction 
condition changes oh the way (including the case of a 
plurality of reactors) may be Included. In this case, the 
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definitiion as the reaction condition of the reaction step 
of the invention (under a pressure higher than atmospheric 
pressure and at a temperature of the boiling point at 
atmospheric pressure of the reaction medium or higher) 
refers to the reaction condition most closely to the 
separation step from the time standpoint. Accordingly, 
the production process of the invention is distinguisheid 
from a production process in which reaction is carried out 
under a pressure not higher than atmospheric pressure or 
at a temperature not higher than a boiling point at 
atmospheric pressure of a reaction medium, and after 
completion of the reaction, when the reaction mixture 
reaches a separation device under pressure and/or heating, 
a pressure higher than atmospheric pressure and a 
temperature of the boiling point at atmospheric pressure 
of the reaction medium or higher are brought. 

Incidentally, the steps of from the reactor until the 
separation device through the intermediate processing tank ^ 
to be used as the need arises may include an additional 
unit operation such as dilution and heating so far as they 
meet the requirements that the pressure be kept at 
atmospheric pressure or higher and that the temperature be 
kept at the boiling point at atmospheric pressure of the 
reaction medium or higher. 

(D) Intermediate processing step: 
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The intermediate processing step is not essential, 
and a plural number of intermediate processing tanks may 
be provided. Examples of the intermediate processing step 
include cooling, heating, pressure rising, pressure 
reduction , concentration , dilution , precipitation , 
addition, and the like. Typically, crystallization or 
dissolution is carried out. For example, in the case 
where it is intended to increase the percent recovery of 
the compound, crystallization is carried out, and when it 
is intended to increase the purity of the compound, 
dissolution is carried out. Such intermediate processing 
steps are properly chosen depending on the kind of the 
desired compound, the product specification, and the like. 

Incidentally, in the case where the reaction product 
obtained by the reaction step is in a solid-free state 
such as a supersaturated state, a liquid one-phase system, 
and a gas-liquid two-phase system, it is essential to 
solidify the desired compound prior to the separation step, 
and preferably, crystallization is carried out in the 
intermediate processing step. 

Also, the intermediate processing step does not 
always require the use of a vessel such as an intermediate 
processing tank but may be carried out in the line of the 
movement from the reaction step into the separation step. 

In the case where crystallization is carried out as a 
preferred example of the operation in the intermediate 
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processing step, the number of stages of . crystallization 
Is preferably not more than four stages, more preferably 
not more than two stages , and especially preferably one 
stage. In any places of the line 12, the intermediate 
processing tank 2, and the line 13, the reaction product 
keeps a temperature of the boiling point at atmospheric 
pressure of the reaction medium or high and a pressure 
higher than atmospheric pressure. The pressure range 
preferably exceeds atmospheric pressure but is not higher 
than 20 MPa, more preferably from 0.2 MPa to 10 MPa, and 
especially preferably from 0.3 MPa to 5 MPa. The 
temperature range is usually from 50 °C to 350 **C, 
preferably from 100 to 300 ^C, and more preferably from 
130 ''C to 250 ^^C- 

A difference (TD — Bpl) between the boiling point 
(Bpl) at atmospheric pressure of the reaction medium and 
the temperature (TD) of the reaction product in the 
intermediate processing step 2 is preferably in the range 
of from 5 **C to 200 ''C, more preferably from 10 ®C to 150 
°C, and especially preferably from 15 °C to 100 **C. By 
keeping the foregoing temperature difference, it is 
possible to make at least a part of heat energy that the 
reaction product discharged from the line 12 has remain in 
the reaction product of the line 13. Incidentally, as 
described previously, the reaction product may be 
comprised of any of a liquid one-phase system, a gas- 
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liquid -two-phase syst:em, a solid-liquid two-phase sys-tem, 
or a gas-liquid-solid ^three-phase syst:em. Especially, one 
comprised of a solid-liquid -two-phase sys-tem or a gas- 
liquid-solid three-phase system is called a slurry. In 
the production step of the invention, the reaction product 
usually becomes a slurry at the time when it moves in the 
line 13. 

(B) Separation step: 

The reaction product in the slurry state is moved 
into the separation device 3 from the intermediate 
processing tank 2 through the line 13, or from the reactor 
1 through another line (not shown) . 

The separation device 3 is not particularly limited 
in terms of mechanism, but ones that are generally known 
as described in JP-T-7-507291 , such as centrifugal 
separators, horizontal belt filters, and rotary vacuum 
filters, and filter cells described in JP-T-6-502653 can 
be used. Especially, in the case where a centrifugal 
separator is used, it can be selected from screen bowl 
decanters and solid bowl decanters . 

In order that the heat energy that the slurry 
entering the separation device 3 through the line 13 has 
is not completely scattered and lost, the pressure and 
temperature of the separation device 3 are adjusted. When 
the pressure of the separation device 3 is low, the slurry 
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causes flash so tha^b t>he temperature Is lowered. 
Accordingly, the pressure of the separation device 3 is 
atmospheric^ pressure or high and if desired, may be higher 
than the pressure of the reactor 1 or the intermediate 
processing tank 2 . 

The slurry moved into the separation device is 
subjected to solid-liquid separation within the separation 
device, and the content of the reaction medium in the 
slurry based on the solids content is reduced to not more 
than 50 %, and preferably not more than 30 %, to obtain a 
cake. In the production process of the invention, the 
desired compound as a solid constitutes the major 
component of the cake,, in which the reaction mediiim or a 
washing liquid in the case of washing the cake as 
described later (in the present description, the sum of 
the reaction medium and the washing liquid present in the 
cake is called as a cake-attached liquid) is contained in 
a content in the range of not more than 50 %, and 
preferably not more than 30 % based on the solids content. 

It is preferable that the temperature (TB2) of the 
cake obtained in the separation device 3 immediately 
before discharge is higher than the boiling (Bp2) at 
atmospheric pressure of the cake-attached liquid 
immediately before discharging from the separation device 
3. For example, in the case where a slurry is transferred 
into the separation step 3 having a high pressure through 
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the line 13, it: is possible to realize the transfer by 
rising the pressure by a piomp or the like before entering 
the separation step 3. The pressure range of the 
separation step 3 is preferably from 0.11 MPa to 22 MPa, 
more preferably from 0.21 MPa to 12 MPa, and especially 
preferably from 0/31 MPa to 7 MPa. The temperature range 
of the cake immediately before the discharge is from 50 ^^C 
to 350 preferably from 100 °C to 300 ""C, and more 

preferably from 130 "^C to 250 ^'C. A difference (TB2 - Bp2) 
between the boiling point at atmospheric pressure of the 
cake-attached liquid immediately before discharging from 
the separation step 3 and the temperature of the cake to 
be discharged from the separation step 3 is preferably in 
the range of from 5 °C to 200 more preferably from 10 

to 150 **C, and especially preferably from 15 ^'C to 100 

Also, it is possible to add a washing function to the 
separation device 3 . The kind of the washing liquid is 
not particularly limited but may be a component quite 
different from the reaction medivim or inversely, may be 
exactly the same as the reaction medium. Also, the 
presence or absence of slurrying in washing is not 
particularly limited. Here, in order that the heat energy 
of the separated cake is not scattered and lost, the 
amount and temperature of the washing liquid are 
controlled. In the case of using a washing liquid having 
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a low temperature, the amount of the washing licjuid is 
made low so as to suppress the influence. If the heat 
removal from the cake can be inhibited by rising the 
temperature of the washing liquid, it is possible to 
increase the amount of the washing liquid. Accordingly, a 
specific temperature of the washing liquid is in the range 
of higher than the boiling point at atmospheric pressure 
of the washing liquid but not higher than (TBI + 100 ^^C) 
(wherein TBI stands for the temperature of an unwashed 
cake, which is in general s\abstantially equal to the 
temperature in the separation device before washing) , 
preferably from TBI to (TBI + 80 ^'C) , and more preferably 
from (TBI + 5 °C) to (TBI + 60 °C) . 

Also, a specific amount of the washing liquid is 
preferably from 0.03 to 5.0, more preferably from 0.05 to 
4.0, and especially preferably from 0.1 to 3.0 in terms of 
a weight ratio based on the solids content in the cake. 
Incidentally, for the sake of preventing bxunping of the 
washing liquid, the pressure within the separation device 
into which the washing liquid is introduced is a vapor 
pressure of the washing liquid or higher. The pressure 
within the separation device is higher than the vapor 
pressure of the slurry to be fed into the separation 
device by the range of preferably from 0.01 to 2.0 MPa, 
more preferably from 0.01 to 1.0 MPa, and especially 
preferably from 0.02 to 0.5 MPa. 
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The kind of the washing liquid is not particularly 
limited, except for the matter that the liquid be present 
under the pressure and temperature condition in the 
separation device. Also, the composition of the washing 
liquid may be quite different from the reaction medium, 
and there is no limitation at all in the evaporation 
latent heat of the reaction medivmi. 

The evaporation latent heat of the washing liquid is 
preferably not more than 300 kcal/kg, more preferably not 
more than 200 kcal/kg, and especially preferably not more 
than 150 kcal/kg. Also, the lower limit of the 

evaporation latent heat is not particularly defined but is 
preferably low as far as possible if it can be used as the 
washing liquid. The lower limit of the evaporation latent 
heat is usually 50 kcal/kg or more, and preferably 70 
kcal/kg or more. 

Al so, the boiling point at atmospheric pressure of 
the washing liquid is preferably from 40 ^'C to 200 °C, more 
preferably from 50 to 180 ''C, and especially preferably 
from 60 to 150 °C . In the case where the boiling point 
at atmospheric pressure of the washing liquid is 
remarkably lower than the foregoing range, handling of the 
washing liquid tends to become difficult. In the case 
where it is remarkably high, the residual amount of the 
washing liquid during moving the desired compound into the 
compound recovery zone in the separation step tends to 
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increase . 

Inclden'tally , "the liquid content of the cake to be 
washed as * the need arises (the weight ratio of . the 
attached liquid in the cake based on the solids content) 
is not more than 50 %, preferably not more than 30 %, more 
preferably not more than 20 %, and especially preferably 
not more than 15 % . 

<C) Drying step: 

The form of the drying device to be used in the 
invention is not particularly limited so far as the 
respective operations of the. drying step as described 
later can be carried out, but pressure drying devices 
provided with a discharge valve (hereinafter sometimes 
simply referred to as valve") are usually used. 

The separated cake is kept in the chamber 4 and then 
discharged into the powder tank 6 (compound recovery zone) 
through the valve 5 while controlling the powder surface 
as the need arises. The pressure in the chamber 4 is 
sxibstantially equal to that in the separation device 3 . 
Also, the pressure in the powder tank 6 is lower than that 
in the separation device 3 and is preferably atmospheric 
pressure. By releasing the cake under pressure within the 
chamber 4 into atmospheric pressure through the valve 5, 
the boiling point of the cake-attached liquid decreases, 
whereby the cake-attached liquid is evaporated by a 
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sensible heat due to the boiling point difference. 
Accordingly, in the invention, it is important to make 
internal energy capable of being utilized as a sensible 
heat retain consistently by the reaction. For this reason, 
with respect to the reaction product, the cake, the 
desired compound, and the like, the temperatures and 
pressures in the reaction step (A) , the intermediate 
processing step (D) , the separation step (B) , and the 
drying step (C) until passing through the valve 5 are each 
kept at a temperature of the boiling point at atmospheric 
pressure of each of the liquids present therein or higher 
and at a pressure higher than atmospheric pressure, 
respectively . 

With respect to the method of discharging the cake, 
there are no particular limitations about the amount of 
the cake to be stored in the chamber 4 and the discharge 
frequency. The cake may be always resident within the 
chamber 4 or may become empty intermittently. 
Incidentally, though it is possible to always open the 
valve 5 while maintaining a high pressure state of the 
chamber 4 against the powder tank 6, it is preferable to 
intesnnittently open and close the valve 5 because gas 
sealing properties are essential. The measurement of the 
amount of the cake within the chamber 4 is not 
particularly limited but may be carried out directly or 
indirectly. In general, for the sake of detecting the 
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position of the cake level, electric contact type 
detectors or distance measuring equipment utilizing light 
or sound wave are used. 

A single valve or a plural number of valves may be 
used as the discharge valve into the compound recovery 
zone from the separation device 3. In the case of a 
plural number of valves, it is possible to add other valve 
before the valve 5 most closely to the compound recovery 
zone. Examples of the valve 5 or 9 include a ball valve, 
a butterfly valve, a rotary valve, a flap damper, a slide 
damper, a spindle type valve, and the like. In the case 
of discharge using two valves as illustrated by the valves 
5 and 9, for example, by alternately opening and closing 
the valves 5 and 9, it is possible to intermittently store 
the cake in an intermediate chamber 16 and discharge it 
through the valve 5. Also, if desired, the cake may be 
discharged trhough the valve 5 by sealing the intermediate 
chamber 16 and properly carrying out heating, cooling, 
pressure rising, pressure reduction, or gas displacement. 
In an embodiment of continuously discharging the cake, the 
opening timing of the valve 9 and the opening timing of 
valve 5 are controlled such that the both do not overlap 
each other, and the opening time is preferably from 0.5 
seconds to 20 seconds, more preferably from 1 second to 15 
seconds, and especially preferably from 2 seconds to 10 
seconds. Specifically, there are enumerated use of a heat 
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exchanger, gas injection, gas purge, and the like. Also, 
by further adding valves to increase the number of 
intermediate chambers to be connected in series and 
control the timing of opening and closing the valves, it 
is possible to reduce a pressure difference before and 
after the respective valves . 

These valves are characterized by the shape of the 
sealing portion, examples of which include face contact 
and line contact. The shape of the line contact includes 
a rectangular shape and a circular shape. As application 
examples of the invention, in the case where a plural 
number of valves are used so as to provide intermediate 
chambers, the shape of the sealing portion is not 
particularly limited. However, in the case of discharging 
the compound into the compound recovery zone from the 
separation device using a single valve, it is preferable 
to use a valve in which the sealing portion is of a line 
contact type and is circular. Specifically, a spindle 
type valve in which a valve body thereof is of an 
approximately conical form is used. In the case where the 
sealing portion is of a line contact type, a sliding 
portion is little, and an effect of inhibiting surrounding 
of a solid is brought. Xn addition, in the case of a 
spindle type valve having a circular sealing portion and 
having an approximately conical valve body, it is possible 
to undergo high-speed driving. 
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In the case of a single valve, when /the opening time 
is long in the drying step, the pressures in the 
separation step and the preceding step are leaked. 
Accordingly, it is preferable to properly control the 
opening time, and for example, there is enumerated an 
operation of repeating opening and closure. The opening 
time is preferably from 0.01 to 1 second, more preferably 
from 0.02 to 0.5 seconds, especially preferably, from 0.04 
to 0.2 seconds, and most preferably from 0.05 to 0.15 
seconds. In addition, a pressure drying device provided 
with a valve of this type is shown in Fig. 2. 

The cake discharged from the separation device is 
transferred into the chamber 4 . According to the 

illustration of Fig. 2, the chamber 4 is partitioned from 
a chute 7 by a seal 22 provided on the approximately 
conical valve body. After storing a proper amount of the 
cake by a detector 21, a cylinder 24 connected to an oil 
unit is driven to lower the valve 5, and an open portion 
is formed in the seal 22 to discharge the cake. The 
discharged cake is transferred into the powder tank 
through the chute. Also, the chute 7 is blocked from the 
air by a seal 23. The inner surfaces of the chamber 4 and 
the chute 7 are subjected to processing of preventing 
adhesion as the need arises. For the seal 22, the quality 
and shape capable of withstand high temperature, high 
stress and friction are chosen. 
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Also, in addition to the method of completely 
blocking the chamber and the powder tank using a valve, 
there is enximerated a method of using a screw conveyor in 
place of the discharge valve to undergo sealing with the 
cake within the screw conveyor. In this case, the cake is 
transferred into powder tank from the chamber by the screw 
conveyor . 

A part or the whole of the cake-attached liquid is 
removed from the cake transferred into the compound 
recovery zone by evaporation due to a temperature 
difference. For the sake of preventing re-contamination 
with the evaporated cake-attached liquid, it is preferable 
to introduce a dry gas into the compound recovery zone or 
the inteiroediate chamber 16. Any dry gases that are inert 
against the compound and the attached liquid and are not 
saturated in the composition of the attached liquid can be 
used. For example, nitrogen gas, and noble gases such as 
argon and neon can be used. 

During the movement of the cake in the chamber 4 into 
the powder tank 6, the attached liquid is evaporated by 
the released internal energy, whereby the liquid content 
of the cake is lowered preferably by 3 % or more, more 
preferably 6 % or more, and especially preferably 9 % or 
more. Here, what the liquid content of the cake is 
lowered by 3 % means that the liquid content of the cake 
decreases, for example, from 15 % to 12 %. Also, it is 
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possible t:o decrease the liquid content of. the cake to not 
more than 10 %, preferably not more than 5 %, and more 
preferably not more than 2 % . The cake is preferably 
stored as a powder having a low liquid content in the 
powder tank . 

The cake-attached liquid is composed of the reaction 
medium, washing liquid, reaction by-products, reaction 
substrate, other additives, etc., or a mixture thereof, 
but is mainly composed of the reaction medium or washing 
liquid or a mixture thereof. Those cake-attached liquids 
having an evaporation latent heat at atmospheric pressure 
of not more than 300 kcal/kg, especially preferably not 
more than 250 kcal/kg, and further preferably not more 
than 200 kcal/kg, for example, not more than 150 kcal/kg 
are effective in the invention . In the case where the 
cake-attached liquid is a mixture, this evaporation latent 
heat is determined as an average value of the mixture. 
The attached liq[uid is evaporated to become a gas, and the 
evaporated gas is discharged through a line 14 and then 
recovered as the need arises • 

The desired compound discharged into the powder tank 
6 is recovered through a line 15 . When the liquid content 
exceeds the tolerable range as a product, it is necessary 
to pass it through a drying machine. In such case, it is 
preferable to introduce a dry gas into the intermediate 
tank 16 or powder tank 6 to dry the compound, without 



26 



carrying ou'b a heat drying operation. 

A difference between the temperature of the case 
within the separation device and the temperature of the 
cake discharged into the compound recovery zone is 
preferably from 5 ^'C to 250 more preferably from 10 

to 200 ^'C^ and especially preferably from 20 ^^C to 170 **C. 
In the case where the temperature difference is remarkably 
smaller than the foregoing range, the drying is 
insufficient, whereas in the case where it is remarkably 
larger than the foregoing range, the temperature of the 
cake within the separation device becomes too high, 
resulting in possible occurrence of decomposition of the 
compound. Also, a difference between the pressure within 
the separation device and the pressure in the compound 
recovery zone is preferably from 0.01 MPa to 22 MPa, more 
preferably from 0.11 MPa to 12 MPa, and especially 
preferably from 0.21 MPa to 7 MPa. In the case where the 
pressure difference is remarkably smaller than the 
foregoing range, the discharge of the cake becomes 
difficult, whereas in the case where it is remarkably 
higher than the foregoing range, the discharge becomes 
abrupt so that it is hardly controlled. 

The cake discharged from the separation device 
preferably has a volume mean particle size of 40 pm or 
more, more preferably 50 or more, and especially 

preferably 60 pm or more. In the case where the volume 
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mean particle size is remarkably smaller than the 
foregoing range, liquid removal becomes worse. The upper 
limit is not particularly defined but is usually not more 
than 30 fxm. 

Incidentally, the relative relationship between the 
temperature and the pressure in the foregoing reaction 
step (A) , intermediate processing step (D) and. separation 
step (B) is not limited, except for the matter that each 
of the steps keeps a temperature higher than the boiling 
point at atmospheric pressure of each liquid or higher and 
that each of the steps keeps a pressure higher than 
atmospheric pressure. For example, with respect to the 
temperature, any of the case of {[temperature of the 
reaction step (hereinafter referred to as ^^TA") ] > 
[temperature of the intermediate processing step 
(hereinafter referred to as ^^TD") ] > [temperature of the 
separation step (hereinafter referred to as ^^TB'') ] } , the 
case of (TA > TD < TB) , and the case of (TA < TD < TB) may 
adapt to the invention. . Also, in the relationship between 
the reaction step and the separation step, any of (TA < 
TB) and (TA > TB) may also adapt to the invention. With 
respect to the pressure, exactly the same is applicable, 
and any of the case of { [pressure in the reaction step 
(hereinafter referred to as "PA") ] > [pressure in the 
intermediate processing step (hereinafter referred to as 
"PD") ] > [pressure in the separation step (hereinafter 
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referred to as ^^PB") ] } , the case of (PA > PD < PB) , the 
case of (PA < PD < PB) , the case of (PA < PB) , and the 
case of (PA > PB) may adapt to the invention. In addition, 
the relationship between the temperature and the pressure 
is not always required to work together. For example, by 
raising the pressure in the inteznnediate processing step 
and passing the resulting reaction product through a 
condenser ,, the temperature becomes (PA > PB) , and the 
pressure becomes (PA < PB) . 

Next, the production process of the invention is 
applied to the case where the desired compound is 
recovered as a solid. With respect to the compound to be 
produced by the production process of the invention, ones 
that are stably present in the foregoing respective steps 
and in which at least a part thereof is present as a solid 
at least prior to the separation step may be employed. 
Aromatic carboxylic acids are preferable, aromatic 
dicarboxylic acids are more preferable, and terephthalic 
acid is especially preferable. 

Also, the production process of the invention 
includes a step of solid-liquid separation. Since the 
desired material is recovered as a solid, it is preferable 
that an unreacted raw material itself is liquid or has 
high solvibility in the reaction meditun and/or the washing 
liquid because it can increase the purity of the desired 
compound . 
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As a preferred embodiment: in the invention^ there is 
enumerated liquid phase oxidation of an alkylbenzene with 
molecular oxygen. By this reaction, there are obtained 
aromatic carboxylic acids such as aromatic monocarboxylic 
acids, aromatic dicarboxylic acids, and aromatic 
tricarboxylic acids and those in which a part of the alkyl 
groups is oxidized. Production of terephthalic acid to 
which the process of the invention is applied will be 
hereunder described as a representative example. 
Incidentally, p-xylene is enumerated as the alkylbenzene 
as the raw material. 

In the liquid phase oxidation of p-xylene, acetic 
acid is usually used as the reaction medium. An amount of 
the reaction medivim to be used is usually from 1 to 10 
times by weight, preferably from 2 to 8 times by weight, 
and more preferably from 3 to 6 times by weight based on 
the p-xylene. Also, the reaction medium may usually 
contain not more than 25 % by weight, and preferably not 
more than 10 % by weight of water in addition to acetic 
acid. Also, in the licjuid phase oxidation reaction of p- 
xylene, water is formed. The moisture content in the 
reaction medium including water that is originally 
contained in the solvent is controlled such that it is 
usually from 5 to 25 % by weight, and preferably from 7 to 
20 % by weight at the maximum. The adjustment of the 
moisture content can be carried out by purging a part of a 
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condensed reflux liquid obtained by condensing a gas 
evapora1:ed from t:he react:or outside the system according 
to the conventional manner. 

Examples of the molecular oxygen-containing gas that 
is used for oxidation of p-xylene include air, oxygen- 
diluted air, and oxygen-rich air, with air being desirable 
from the viewpoints of equipment and costs. 

Also, as the catalyst in the oxidation reaction, any 
known catalysts can be used. Typically, cobalt, manganese, 
and bromine are mainly used. Specific compounds of the 
catalyst component are as follows. Examples of cobalt 
compounds include cobalt acetate, cobalt naphthenate, and 
cobalt bromide, with cobalt acetate being preferable. 
Examples of manganese compounds include manganese acetate, 
manganese naphthenate, and manganese bromide, with 
manganese acetate being preferable. Also, examples of 
bromine compounds include hydrogen bromide, sodivim bromide, 
cobalt bromide, manganese bromide, and bromoethane, with 
hydrogen bromide being preferable. These compounds may be 
used in combination. Also, other metal components may be 
present in the acetic acid solvent. For exeonple, when the 
sodium component is present in an amount of from 1 ppm to 
100 ppm, it further plays a role to prevent precipitation 
of the manganese component and has an effect to enhance 
the transmittance of the resulting terephthalic acid. 

An amount of the catalyst to be used is as follows . 



31 



The amount: of the cobalt component to be used Is from 100 
ppm by weight to 2,000 ppm by weight, and preferably from 
200 ppm by weight to 1,000 ppm by weight as reduced into 
cobalt metal based on the solvent. The amount of the 
manganese component to be used is from 1 ppm by weight to 
1,000 ppm by weight, and preferably from 5 ppm by weight 
to 500 ppm by weight. The amount of the bromine compound 
to be used is from 400 ppm to 2,000 ppm. 

Also, for the sake of promoting the reaction, a co- 
oxidizer can be used in combination. 

Incidentally, the reaction medium contains reaction 
intermediates such as 4-carboxybenzaldehyde , p-toluic acid, 
p-tolualdehdye and impurities such as benzoic acid. 

The oxidation reaction of p-xylene is carried out in 
the acetic acid solvent in the presence of a catalyst 
containing cobalt, manganese and bromine at a temperature 
of from 140 to 230 and preferably from 150 ^'C to 210 

while continuously feeding a molecular oxygen- 
containing gas, to oxidize 95 % or more of p-xylene. This 
is called as a first reaction zone. The reaction pressure 
is a pressure under which the mixture can keep the liquid 
phase at least at the reaction temperature or higher and 
is usually from 0.2 to 5 MPa. The reaction time of 
oxidation (mean residence time) is usually from 30 to 300 
minutes • 

In the first reaction zone, for the sake of 
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increasing an oxygen partial pressure in the reaction gas 
phase portion, there may be employed a method in which the 
oxidation waste gas obtained by condensing and removing a 
condensing component from the gas discharged from the 
reactor is branched into two flows, and. one of the flows 
is taken out from the system, whereas the other flow is 
continuously circulated and fed into the reactor. 

Next, it is possible to provide a second reaction 
zone of from 130 to 240 ^'C, preferably from 140 ^'C to 
220 °C, and more preferably from 160 to 200 ®C as the 
need arises. In this reaction zone, low-temperature 
additional oxidation is carried out with molecular oxygen 
without adding p-xylene. The reaction time of the low- 
temperature additional oxidation (mean residence time) is 
usually from 20 to 90 minutes. 

Next, it is also possible to carry out additional 
oxidation with molecular oxygen without adding p-xylene in 
a third reaction zone of from 150 to 300 ®C, and 
preferably from 200 °C to 280 °C, the temperature of which 
is higher than that of the second reaction zone, as the 
need arises . The reaction time of the additional 

oxidation (mean residence time) is from 5 to 120 minutes. 

The oxidation reaction may be terminated in the first 
reaction zone, or may be carried out until the second 
reaction zone or third reaction zone. According to the 
definition of the present description, the final reaction 
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zone in the selected process is corresponding to the 
reactor 1 of Fig. 1, For example, if thes oxidation 
reaction is carried out until the third reaction zone, the 
third reaction zone is corresponding to the reactor 1 of 
Fig. 1. 

The slurry to be introduced into the intermediate 
processing step through the line 12 of Fig. 1 becomes from 
130 ""C to 300 °C according to the foregoing illustration. 
This intermediate processing may be carried out, or the 
slurry may be transferred directly into the separation 
step 3 through the line 13 without carrying out the 
intermediate processing. For example, in the example of 
terephthalic acid, in the case where the reaction is 
carried out until the second reaction zone, the slurry of 
from 130 ''C to 240 °C is obtained. However, since 
crystallization is not rec^iired, the resulting slurry is 
transferred into the separation device while keeping the 
reaction temperature. The pressure of the slurry is equal 
to or higher than the vapor pressure of the mother liquor 
in the slurry. Since the temperature decreases with a 
decrease of the pressure, the temperature is actually 
controlled by operating the pressure of the slurry. 

With respect to the slurry to be fed into the 
separation device through the line 13 of Fig. 1, the 
temperature is determined while taking into consideration 
the amount of the cake-attached liquid to be evaporated 



34 



from the cake. For example, when a mixed solution having 
a water concentration of 10 % by weight and an acetic acid 
concentration of 90 % by weight in the reaction medium is 
attached in a weight ratio of 11 % to the cake of 
terephthalic acid, the cake temperature necessary for 
completely evaporating the cake-attached mother liquor is 
170 °C or higher. Accordingly, though the slurry obtained 
by carrying out the reaction until the second reaction 
zone is, for example, from 130 °C to 240 °C, it is 
preferable to carry out the reaction in the second 
reaction zone at a temperature higher than 170 °C. 
Incidentally, even if the reaction is carried out at a 
temperature lower than 170 **C, by keeping a temperature at 
higher than 110 as the boiling point at atmospheric 

pressure, it is possible to industrially utilize a 
difference from the actual cake temperature as a sensible 
heat for drying the cake. 

Accordingly, it has an important meaning from the 
viewpoint of energy utilization in the invention to keep 
the temperature at the boiling point at normal pressure or 
higher without releasing the slurry pressure in the 
process after the reaction to the atmospheric pressure. 
However, in the illustrated case, in the case where only a 
slurry of not higher than 170 °C is obtained, the quantity 
of heat insufficient for drying the cake must be 
replenished, and heating is carried out for any one of the 
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slurry before separation, the cake after separation, or 
the cake after discharge. In the slurry before separation, 
use of a heat exchanger may be enumerated; in the cake 
after separation, heating of the washing liquid or heating 
of the gas atmosphere may be enumerated; and in the cake 
after discharge, heating from the outside of the powder 
tank or heat renewal of the gas atmosphere may be 
enumerated. Incidentally, for the sake of keeping the 
slurry at 170 °C or higher, a pressure of 0 . 6 MPa or more 
is required. The pressure of the separator is. preferably 
from 0.65 MPa to 1.5 MPa, more preferably from 0.7 MPa to 
1.3 MPa, and especially preferably from 0.8 MPa to 1.0 MPa. 

Incidentally, in order that the cake washing . liquid 
does not carry away the heat energy that the cake has, it 
is preferable that the cake washing liquid has a 
temperature equal to or higher than the temperature of the 
cake. As a specific example, when the cake temperature is 
170 a washing liquid of 170 °C or higher containing 

acetic acid as the major component, such as one of 5 or 
higher than 170 ®C, is prepared. Additionally, for the 
sake of preventing bumping of the washing liquid, the 
pressure within the separation device into which the 
washing liquid is introduced is a vapor pressure of the 
washing liquid or higher. For example, it is preferable 
that the pressure within the separation device is higher 
than the vapor pressure of the slurry to be fed into the 
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separat:±on device by 0.01 to 1.0 MPa and that the vapor 
pressure of the washing liquid falls within this range. 
With respect to the kind of the cake washing liquid, it is 
preferable that the total sum of evaporation latent heats 
of the respective components is not higher than 300 
kcal/kg. Though water as a single body has an evaporation 
latent heat of 500 kcal/kg or higher, if it has an average 
value of evaporation latent heat of 300 kcal/kg as a 
mixture, even ones containing water are preferably used. 
Also, the composition of the washing liquid may be quite 
different from the reaction medium. For example, in thie 
case of the reaction mediiam containing acetic acid as the 
major component as illustrated above, the washing liquid 
may be, for example, a quite different, pure substance of 
an acetic acid ester, or may have exactly the same 
component as the reaction medium except for impurities . 

The terephthalic acid cake having come out from the 
separation device is resident in the chamber 4 illustrated 
in Fig. 1. The cake is intermittently or continuously 
discharged into the powder tank at atmospheric pressure. 
An average value of the residence amount of the cake in 
the chamber 4 is preferably, for example, from 0.0001 to 
0.1 in terms of a weight ratio when the processing amount 
is defined as 1 per hour, and relies upon the chamber 
shape, the upper limit of the cake amount, and the lower 
limit of the case amount. The discharge amount is 
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detexnnined from the upper limit and lower limit and the 
residence amount of the cake in the chamber 4. For 
example, when the processing amount is defined as 1 per 
hour, the discharge aunount is from 0.002 to 0.02 per one- 
time drive of the valve 5. Incidentally, the drive 
distance of the valve 5 is preferably from 3 to 50 mm, and 
more preferably from 10 to 25 mm. Also, the drive 
frequency is preferably from 50 to 500 times per hour, 
mien the drive distance and the drive frequency fall 
within the preferred ranges, the discharge of the compound 
into the compound recovery zone from the separation device 
becomes good. 

If desired, the terephthalic acid cake discharged 
into the powder tank 6 illustrated in Fig. 1 is, for 
example, subjected to removal of a trace amount of the 
cake-attached liquid with a dry gas, or the like and then 
recovered from the line 15. Also, the gas containing 
acetic acid as the major component as generated within the 
atmospheric system and the dry gas are removed through the 
line 14. The cake recovered through the line 15 further 
passes through a purification step to become a product as 
the need arises. 

<Examples> 

The invention will be more specifically described 
below with reference to the Examples. However, it should 
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be cons-brued tha't the invention is never limited to these 
Examples unless exceeding the gist of the invention. 

Comparative Example 1 : 

In equipment with an output of terephthalic acid of 
36 ton/hr, p-xylene, acetic acid in an amount of 5.5 times 
by weight based on the p-xylene, cobalt acetate, manganese 
acetate, and hydrogen bromide were continuously fed into a 
liquid phase oxidation reaction vessel and subjected to 
oxidation reaction at a temperature of 197 under a 

pressure of 1.45 MPa for a reaction time (mean residence 
time) of 90 minutes. The amount of the catalysts to be 
used is 280 ppm by weight for the cobalt component as 
reduced to cobalt metal, 280 ppm by weight for the 
manganese component, and 700 ppm by weight for the bromine 
component, based on the solvent, respectively. 

Air is used as a gas for undergoing the oxidation 
reaction with molecular oxygen. At this time, the oxygen 
content of air is 21 %. And compressed air was fed into 
the reactor such that the oxygen concentration in the gas 
discharged from the reactor (this gas being hereinafter 
sometimes referred to as ^^waste gas'') was 5 % by volume. 
Next, the oxidized slurry was continuously transferred 
into a low-temperature additional oxidation reaction 
vessel, and air (oxygen content: 21 %) was fed as a gas 
for carrying out oxidation reaction at a temperature of 
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190 °C under a pressure of 1.3 MPa for a reaction time 
(mean residence time) of 35 minutes such that the oxygen 
concentration in the waste gas was 6 % by volume, to 
undergo low- temperature additional oxidation. 

The slurry additionally oxidized at low temperatures 
was continuously crystallized in a three-stage 
intermediate processing tank and subjected to solid-liquid 
separation at atmospheric pressure. At this time, the 
lic[uid content of the cake having been subjected to solid— 
liquid separation was 15 . 0 % . 

Next, this cake was dried at atmospheric pressure in 
a steam tube dryer type drying machine using steam as a 
heating source. Steam having a pressure of 0.4 MPa is 
circulated around the drying machine, whereby a heating 
furnace is heated. The cake-attached liquid evaporated 
upon heating is taken out from the system with a nitrogen 
gas circulated within the drying machine. Also, an outlet 
temperature of the drying machine is 140 °C. 

When one ton of terephthalic acid was dried using 
this drying machine, the quantity of heat of steam used in 
the drying machine was 36,000 kcal. Also, the liquid 
content of the resulting terephthalic acid was 0.1 %. 

Accordingly, in the case where the terephthalic acid 
cake is dried at atmospheric pressure from the liquid 
content of 15.0 % to the liquid content of 0.1 %, the 
quantity of heat of 36,000 kcal per one ton of 
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terephthalic acid is necessary. 
Example 1 : 

Next:, in ^he production process of the invention, 
that is, in the case where a solid and a liquid are 
separated while keeping the pressure and temperature 
generated in the reaction step, and the resulting cake is 
transferreid into a zone lower than the separation zone, an 
experiment was performed in order to verify an effect of 
evaporating and separating the cake-attached liquid 
utilizing a difference in a sensible heat as generated. 

A cake obtained in the same manner as in Comparative 
Example was dried by flash separation using the equipment 
shown in Fig . 3 . 

The flash separation device is provided with a heater 
32 having an internal volume of 1.2 liters (a cylinder 
having an inner diameter of 40 mm and a length of 800 mm) , 
a receiver 34 (compound recovery zone) having an internal 
volume of 3 liters, and a jacket 38 for heating the heater, 
and the receiver can be dipped in an oil bath 35 for 
heating or cooling. 

A cake having a liquid content 14.1 % (corresponding 
to 700 g in terms of the solids content; composition of 
the cake-attached liquid having a water concentration of 
10 % and an acetic acid concentration of 90 %) as obtained 
in the same manner as in Comparative Example 1 was charged 
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at atmospheric pressure into the heater. 32 through an 
upper valve 31. If the cake is heated as it is, a part of 
acetic acid and water attached to the cake are evaporated 
so that the liquid content of the cake changes. 
Accordingly, a corresponding amount was previously added 
to the heater, and the heater was then sealed and raised 
to 173 •'C. At this time, the pressure of the heater was 
0 . 6 MPa . 

In the receiver positioned below the heater, for the 
sake of rendering the inside thereof into an acetic acid 
atmosphere, the inside was evaporated, and acetic acid in 
an amount corresponding to that volume was previously 
charged. The receiver was then dipped in a heat medium 
oil of 115 ^C. And a bottom valve 33 was opened, and the 
cake and the vapor evaporated from the attached liquid 
within the heater were transferred into the receiver at 
atmospheric pressure. 

Since the pressure of the heater instantly became 
atmospheric pressure, not only the bottom valve of the 
heater was immediately closed, but also a valve 36 between 
the receiver and a trap vessel 37 charged with ethylene 
glycol was closed. Since the temperature within the 
receiver became stable at 123 ^C, cooling was performed. 

After flash separation, if the receiver is opened to 
the air, since diffusion of the liquid component remaining 
on the case surface into the air is fast, it is difficult 



42 



to measure a iirue value. For this reason, the receiver 
was cooled in a closed system, the gas component in the 
vapor phase portion o£ the receiver was condensed, 
specifically sufficiently cooled to 20 ®C at which vapors 
of acetic acid and water are not substantially generated, 
and the whole of cake containing acetic acid present 
within the receiver was then recovered. 

It was confirmed that the results obtained in a 
method of determining the amount of the cake-attached 
liquid from the weight loss after drying the cake are 
consistent with those obtained by determining the amount 
of the cake-attached liquid by analyzing the composition 
in the liquid used for washing the cake surface with water. 

The vapors of acetic acid and water to be discharged 
through the receiver by flash separation were introduced 
into a vessel charged with ethylene glycol or water and 
absorbed therein, and an increase of the weights of acetic 
acid and water and the liquid component in the receiver 
were then analyzed by gas chromatography to confirm a mass 
balance . 

A value obtained by subtracting the amount of acetic 
acid present in the vapor phase portion of the receiver 
before cooling the receiver from the amount of the cake- 
attached liquid thus determined was taken as an amount of 
the liquid attached to the cake immediately after the 
flash separation, to determine a liquid content. 
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Incidentally, this cake had a median diameter o£ 99 pm. A 
laser scattering type particle size distribution analyzer, 
^^Lazer Micron Sizer/liMS-24" manufactured by Seishin 
Enterprise Co., Ltd. was used for analysis of the median 
diameter. One gram of the recovered cake and a surfactant 
were charged in a water-filled sample chamber of this 
device. Thereafter, dispersion under ultrasonic wave for 
30 seconds and analysis by laser scattering automatically 
proceed. After completion of the analysis, a volume 
frequency distribution is obtained every . respective 
particle size interval. A particle size in which the 
cumulative frequency is 50 % was calculated from the 
results . 

Example 2 : 

Flash separation was carried out in the same manner 
as in Example 1, except that in Example 1, the cake- 
attached liquid had a composition having a water 
concentration of 10 % and an acetic acid concentration of 
90 %, the liquid content of the cake was 10.4 %, and the 
temperature of the heater was 187 ^C. After flash 
separation, since the temperature within the receiver 
became stable at 110 °C, cooling was performed. 

Example 3 : 

Flash separation was carried out in the same manner 
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as in Example 1, except that in Example 1, the cake- 
attached liquid had a composition haying an acetic acid 
concentration of 100 %, the liquid content of the cake was 
15.0 %, and the temperature of the heater was 144 

In Examples 1 to 3, the operation conditions are 
shown in Table. 1, and the results are shown together in 
Table 2. 

In any of the cases of Examples 1 to 3, it is assumed 
that the separation step and the drying step are carried 
out while keeping the temperature and the ' pressure 
generated in the reaction step. Accordingly, no new 
energy is used in the drying step other than the 
temperature and the pressure generated in the reaction 
step. The drying is respectively achieved without adding 
a new quantity of heat such that in Example 1, the liquid 
content changes from 14.1 % to 1.3 %, in Example 2, the 
liquid content changes from 10.4 % to 0.1 and in 

Example 3, the liquid content changes from 15.0 % to 5.7 %. 

Also, as shown in Table 2, the liquid contents of 
cake after the flash separation were consistent with those 
calculated from enthalpies that the systems have. 
Accordingly, it was revealed that by employing the 
production process of the invention, the internal energy 
to be brought by the reaction step can be effectively 
utilized in the drying step, thereby enabling to reduce a 
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large quant:it:y of heat: energfy necessary ±n the 
conventional drying step. 



Table 1 



Table 1 



Exam- 
ple 


Cake before flash 
separation 


Pressure 
within 
heater 
before 
flash 
oper- 
ation 
(MPa) 


Pressure 

within 
receiver 
immedi- 
ately 
after 
flash 
operation 
(MPa) 


Difference in 
temperature 

in flash 
separation 
operation 
Heater — > 
Receiver 
("C) 


Composi- 
tion of 

cake- 
attached 
liquid 
(%) 


Liquid 
content 
(%) 


1 


Acetic 
acid 90 
— Water 
10 


14.1 


0.60 


0.1 


173 -> 123 


2 


Acetic 
acid 90 
- Water 
10 


10.4 


0.85 


0.1 


187 -> 112 


3 


Acetic 
acid 


15.0 


0.20 


0.1 


144 -> 118 


Table 2 

Table 2 





Example 


Calculated value of 
liquid content of cake 
after flash separation 
(%) 


Found value of liquid 
content of cake after 
flash separation 
(%) 


1 


1.1 


1.3 


2 


0 


0.1 


3 


5.2 


5.7 
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<Industr±al Appllcabilit:y> 

A large quanti-ty of hea'b is necessary in a met:hod of 
re-heat:ing and drying af^er solid-liquid separat:ion at: 
atmospheric pressure. This is because it is required to 
hea'b terephthalic acid itself in addition to the mother 
liquor medium to be evaporated. As compared with this 
method, the method of drying under pressure after solid- 
liquid separation while keeping the temperature at 
atmospheric pressure or higher enables to greatly reduce 
energy to be consumed in drying. 
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